Interleukin-3 (11-3) is a hematopoietic growth factor suggested to be produced by activated T lymphocytes. Meanwhile, supernatants from human thymic stroma could promote the proliferation of myeloid stem cells. Thus, we investigated whether IL-3 accounts for this activity. Therefore, human thymic epithelial cells (TEC), fibroblasts, and adherent cells were isolated, and their culture supernatants assayed for myeloid colony promotion. Only supernatants from thymic epithelial cells supported colony-forming unit , also called multi-colony-I stimulating factor (multi-CSF), has a broad spectrum activity on various hematopoietic precursors.'" It was also suggested to promote the proliferation of early T-cell precursors: Recently we have documented the ability of recombinant IL-3 (rIL-3) to induce the proliferation of human thymic and bone marrow (BM) early T cells? These studies questioned whether thymic or BM stroma secreted IL-3. Recently human peripheral blood mononuclear cell (PBMC)-derived T lymphocytes or T-cell lines were suggested to be the exclusive producers of IL-3.6 The same investigators documented the absence of IL-3 mRNA in human BM-derived stroma cells.6 Growth of myeloid colonies is also observed in the presence of supematants from human thymic epithelial cells (TEC).',' Although IL-3 content of these preparations was not clearly demonstrated, these reports suggested that TEC produce myeloid CSF(s). We also detected such activity from TEC supernatants and attempted to clarify its precise nature. Our data clearly demonstrate the ability of human TEC to produce IL-3, a phenomenon with a possible relevance to intrathymic T-cell ontogeny.
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MATERIALS AND METHODS
Thymic cell culture media. For fibroblast (TF) and adherent cell (TAD) cultures, we used McCoy's medium (Flow Lab, Imine, UK) supplemented with 5% fetal calf serum (FCS; Institut Jacques Boy, Reims, France), 100 IU/mL penicillin, and 100 &mL streptomycin (Sigma, St Louis, MO). For TEC culture, the above medium was supplemented with 2.5 &mL amphotericin-B, 0.4 pg/mL hydrocortisone, lo-' mol/L choleratoxin, and 20 ng/mL epidermal growth factor (EGF; Sigma).
Thymic cellpreparations. Thymic fragments were obtained from children ( < 4 years old) undergoing cardiac surgery. Tissue was cut into 0.02-cm2 pieces and washed three times in phosphate-buffered saline (PBS) to remove thymocytes. Ten explants were anchored into 25-cm2 flasks and incubated for 3 hours at 37°C and 7% CO, in air. Four milliliters of culture medium was then added and changed evely 3 to 4 days. For TEC culture, explants were removed at day 14, washed with PBS 0.02% EDTA to eliminate fibroblasts, trypsinized ( X l trypsin; Sigma), and re-expanded in flasks at 10s cells/mL. At day 30, these cultures were assayed for their phenotype. Only TEC preparations with less than 2% CD2+, vimentin+ cells were used in this study. For TF culture, explants were fed with appropriate medium, and removed at days 14 to 30. Adherent cells were obtained from total thymic cells using FCS-coated flasks. Various thymic subsets were then incubated for 48 hours, their supernatants collected thereafter and tested in colony-forming unit (CFU) assay. Myeloid colonies (> 50 cell aggregates) were scored from day 10 postculture. The colonies had typical multilineage morphology. In addition, individual colonies were harvested, cytocentrifuged onto glass slides, and stained with Giemsa as described." Results from CFU assay were analyzed and compared using the Student's t-test for paired data.
To clarify the role of various culture conditions on TEC proliferation and IL-3 production, confluent cells were trypsinized, suspended, and placed in a 96-well plate (5,00O/well).
CFU assay.
Growth assays. TEC were trypsinized, suspended, and cytocentrifuged at 5 x 104/slide. The slides were prehybridized for 2 hours at 37°C in 50% deionized formamide containing Denhardt's solution (Sigma), 2X SSC (NaCI 3 mom, citrate N,O 3 mol/L), yeast t-RNA (Boehringer Mannheim, FRG), poly-rA (Pharmacia, Uppsala, Sweden), and DTT. For hybridization, the 500-bp gibbon IL-3 cDNA (XHO-XHO sites, a kind gift of S.C. Clark, Genetics Institute, Cambridge, MA)'was labeled with 35S by random priming." The cells were covered with 15 FL labeled cDNA probe ( lo6 cpm/slide) in the prehybridizing solution and kept for 16 hours at 37°C. Thereafter, slides were washed with formamide buffer, SSC (1X and OSX), each for 1 hour at 22°C. They were dehydrated in ethanol, ammonium acetate 0.3 mom, air dried, and immersed in NTB2 Kodak emulsion (Kodak, Rochester, NY). Slides were developed 6 days later in a Kodak D19 developer and fked with 30% thiosulfate. They were then stained with Giemsa for better cell definition, and examined by light microscopy. As a negative control, TEC were also hybridized both with plasmid vector lacking IL-3-specific cDNA and with a 3,000-bp CD4 cDNA probe'' (HindIII-EcoRI sites, PSP 65 plasmid; a gift of D. Klatzmann, PitiC-Salpetritre Hospital, Paris, France).
In situ hybridization.
RESULTS
For surface markers, TAD were obtained at day 2 to 3 postculture, while TEC and TF were studied at day 30 post explant culture to obtain homogeneous populations. Results are shown as negative (-), weakly (+), and strongly positive (++) expression (Table 1) . In addition to their distinct morphology, TEC and TF expressed cytokeratin and vimentin, respectively. TF preparations were pure while TEC generally contained 1% to 2% fibroblasts (Fig 1) . TEC and T F preparations contained any or less than 1% CD2+ T cells. TAD were OKMl+, My4+, cytokeratin-, vimentinand contained less than 10% T lymphocytes and 1% TF and/or TEC. All these subsets expressed LFA-3 (CD58, CD2 ligand), but only TEC and TAD were HLA-DR' (Table 1) .
Phenotypic analysis of various thymic stroma cells.
Myeloid colony induction by supernatants from various thymic stromal cells As shown in Table 2 , TEC-Sup promoted proliferation of BM precursors as did rIL-3 or T-cell-derived supematants. By contrast, culture medium and TAD-and TF-derived supernatants failed to support colony growth. When TEC-derived colony promoting activity was compared with rIL-3 dilutions, its activity was higher than that generated by 50 U/mL of rIL-3; it was also threefold to fivefold that produced by the same number of ConA activated peripheral T lymphocytes. Although TEC preparations had no detectable autologous thymocytes (Table l) , we also assayed IL-3 production potential of these cells. Therefore, thymocytes ( 106/mL) were cocultured with adherent TEC for 48 hours, washed, suspended in TEC culture medium at 106/m for 48 hours, and their supernatants assayed for IL-3 activity. As seen in Table 2 , these supernatants failed to support significant CFU proliferation. These results further document TEC origin of colony-stimulating activity in our assay. Results shown in Although colony promotion by TEC-Sup was clear-cut, the previous data did not directly demonstrate that these supernatants contained IL-3. To clarify this point, we first assayed the effect of anti-IL-3 MoAb addition on colony stimulation by TECSup. As shown in Table 3 , anti-IL-3 significantly decreased the number of colonies obtained. This effect was dosedependent and was not observed with an isotype-matched, irrelevant MoAb (CD2.5). Of interest, basophil-containing colonies were completely abolished following addition of appropriate anti-IL-3 concentrations. IL-3 MoAb was also able to decrease the effect of rIL-3. However, we did not obtain a complete inhibition of myeloid colony formation with this MoAb.
To further demonstrate IL-3 production by human TEC, we assay their IL-3 mRNA content using in situ hybridization. TEC were thus cultured on glass slides and hybridized with a specific IL-3 probe. As a control, these cells were also hybridized with the plasmid alone or CD4 specific probe. Our results (Fig 2) clearly show that most epithelial cells are cytokeratin+, CD2-, and greater than 90% express IL-3 mRNA. Together with absence of CD4 mRNA, these data further confirmed TEC origin of IL-3 and the absence of T cells in these cultures. Relationship between TEC culture conditions and their IL-3 production. We next investigated whether changes in culture conditions could modify TEC proliferation and their IL-3 production. TEC were thus cultured with/without cholera toxin, hydrocortisone, and/or EGF. Indccd, these factors were previously shown to be necessary for optimal TEC growth. Hydrocortisone and cholera toxin inhibited growth of contaminant fibroblasts and thymocytes, while EGF is the growth factor for epithelial cells. The data in Fig  3 further document EGF requirement for continuous TEC growth. Hydrocortisone is also necessary in this respect, while cholera toxin-deprived cultures were not inhibited. The effect of these culture conditions on IL-3 production by TEC was also assayed using the M 0 7 cell line. Indeed, as did rIL-3, supernatants from TEC promoted the proliferation of M 0 7 leukemic cells." As shown in Fig 3, EGF removal from culture medium dramatically decreased their IL-3 production ability. In contrast, hydrocortisone and cholera toxin had no effect in this respect. These data indicate that cytokine synthesis by TEC may be linked to cell growth, although a direct stimulating effect of EGF cannot be excluded. For personal use only. on September 24, 2017. by guest www.bloodjournal.org From 
DISCUSSION
The above data show clear-cut evidence of the ability of most human thymic epithelial cells to secrete IL-3 in vitro.
Relatively high IL-3 levels were obtained as compared with conA-activatcd T lymphocytes. This TEC-Sup property persists after long-term culture of these cells (6 weeks). TEC culture conditions are selective allowing elimination of contaminating autologous thymocytes. This was due to addition of hydrocortisone and cholera-toxin and the absence of an IL-2 source. Indeed, thymocytes are mostly corticosensitive, and cholera toxin was known to inhibit T-cell activation.'' The presence of IL-3 mRNA in TEC definitively demonstrated IL-3 secretion ability of these cells, and the high number of positive cells correlates with high IL-3 levels secreted by these cells. In contrast to EGF and hydrocortisone are necessary for optimal TEC growth as already described for other epithelial cells.'* IL-3 production by TEC seems to be related to the activation state of these cells. Indeed. EGF or hydrocortisone depletion from culture medium highly decreased cytokine production by TEC. EGF induction of myeloid precursors was also excluded in regard to the absence of EGF receptors on these cells" and the failure of EGF-containing medium to support colony growth ( Table 2 ). The direct effect of these factors on IL-3 production needs more investigation.
Anti-IL-3 decreased but did not abolish TEC-derived colony-stimulating activity. This suggested that TEC also secrete other cytokines necessary for the proliferation of BM precursors. Previous studies documented the presence of IL-1'" and GM-CSF in supernatants from TEC that corroborate our findings. Later cytokines are able to promote myeloid colonies but, in contrast to IL-3, fail to promote the differentiation of basophil-mast cell clones.'9.?o Our data further confirmed these results since anti-IL-3 completely abolished basophil containing colonies.
The physiologic relevance of these data remains to be investigated. Regarding basophil-mast cell promoting activity1*'" of IL-3, it will be of interest to investigatc whether production of this cytokine is shared by epithelial cells from other tissues. An IL->like activity was reported from mice" and human epidermal keratinocytes." As IL-3 production by epithelial cells is cortico-resistant, it would be interesting to invcstigate the downregulating mechaFor personal use only. on September 24, 2017. by guest www.bloodjournal.org From nism(s) of this phenomenon regarding its possible relevance to allergy.
Concerning T-cell ontogeny, we have recently shown that IL-3 was able to promote the proliferation of approximately 3% to 5% Of CD7'CD2-thymic precursors without detectable cell differentiation.' Murine studies also documented the ability of supernatants from the WEHI-3 Cell line to sustain proliferation of early thymocyte^.".^ Thus, it would be exciting to attribute a role to IL-3 in autorenewal of early T cells within the thymic microenvironment.
